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[Claim(s)] 

[Claim 1] In the sheet steel which laminated resin containing polyethylene terephthalate When the 
polarization direction measures the Raman spectrum of a resin layer cross section on conditions vertical 
to a film plane by the laser Raman spectroscopy using the laser light of linearly polarized light, 
Laminated steel excellent in working adhesion with which thickness of the field where the full width at 
half maximum to which the Raman shift originated in about [ 1730cm-] one C=0 stretching vibration 
becomes one or more [ 25.0cm-] is characterized by being 1 .0 micrometers or more and 6.0 micrometers 
or less from a resin layer / sheet-steel interface. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is laminated steel used for a beverage can etc., and relates to 

laminated steel excellent in working adhesion. 

[0002] 

[Description of the Prior Art] The ingredient which laminated the biaxial orientation nature polyethylene 
terephthalate film which is excellent in workability or elongation and is rich in barrier nature as 
laminated steel for beverage cans from the former in the sheet steel is offered. In order to secure 
workability and various characteristics of shock resistance, this ingredient controls highly the layer 
configuration (crystallinity change) of the thickness direction of a laminate film, and is manufactured. 
The laminated film has the two-layer structure of an amorphous layer [ / near the interface with the 
ground sheet steel ], and the other orientation crystal layer (Miyazawa et al. [ for example, ]: surface 
technical vol.47, No.8,677 (1996), JP,S60-47103,B, etc.). It is for making it the above two-layer 
structure giving the opposite engine performance of working adhesion and shock resistance required as a 
beverage can, and an amorphous layer gives working adhesion and the orientation crystal layer has 
given shock resistance, respectively. In using it for a beverage can application, it is indispensable to 
make a laminate film into a two-layer configuration as mentioned above. 

[0003] The thinning of the can is attained in recent years by canning by the strong processing which is 
not in the former for the cost cut by a weight saving. Even if it receives such strong processing, in order 
to give the corrosion resistance excellent in the can, it is necessary to raise the adhesion of a laminate 
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film. 

[0004] As a method of raising the adhesion of a laminate film, the sheet steel which controlled the 
specific surface area of the chromium oxide of a ground steel sheet surface in the specific range at JP,H9- 
123342,A is proposed. 
[0005] 

[Problem to be solved by the invention] When using it for a beverage can application, it is heat-treated 
for retort germicidal treatment. With heat treatment, a non-orientation crystal generates in the 
amorphous layer of the film near the interface with the ground sheet steel, and the exfoliation in a film 
arises. Therefore, laminated steel needs it not only to be able to to excel in the adhesion of a laminate 
film and the ground sheet steel, but to excel in a film's own workability and to be able to prevent the 
exfoliation in a film. 

[0006] In order for the proposal of said JP,H9-123342,A to raise the adhesion of a laminate film and the 

ground sheet steel, it is effective, but there is a problem that exfoliation occurs within a film. 

[0007] This invention prevents the exfoliation in a laminate film, and aims at offering laminated steel 

excellent in working adhesion. 

[0008] 

[Means for solving problem] In order for this invention persons to prevent the exfoliation in a film of a 
laminate film and to raise the working adhesion of laminated steel [ specifying and controlling a layer 
configuration based on the result obtained by laser Raman spectroscopy, as a result of considering the 
amorphous configuration of a film / / near the interface with the ground sheet steel / that controlling still 
more highly is effective and examining it wholeheartedly ] It found out that laminated steel excellent in 
working adhesion could be offered. 

[0009] In the sheet steel which laminated the resin with which the architecture of this invention which 
solves said technical problem contains polyethylene terephthalate (henceforth PET) When the 
polarization direction measures the Raman spectrum of a resin layer cross section on conditions vertical 
to a film plane by the laser Raman spectroscopy using the laser light of linearly polarized light, The 
thickness of the field where the full width at half maximum to which the Raman shift originated in about 
[ 1730cm-] one C=0 stretching vibration becomes one or more [ 25.0cm-] is the laminated steel 
excellent in working adhesion characterized by being 1.0 micrometers or more and 6.0 micrometers or 
less from a resin layer / sheet-steel interface. 
[0010] 

[Mode for carrying out the invention] With heat treatment for the retort germicidal treatment performed 
for a beverage can application, the exfoliation in a film takes place, in order that a non-orientation 
crystal may generate with heat treatment in the amorphous layer near the interface with the ground sheet 
steel of a laminate film. When the layer configuration near the interface with the ground sheet steel of a 
lamination film was appropriately controllable, this invention persons thought that the exfoliation in a 
film might be improvable, and performed various analyses. 

[001 1] As a result, as shown in drawing 1, when the density of PET resin changed, it found out that the 
full width at half maximum to which the Raman shift originated in about [ 1730cm-] one C=0 stretching 
vibration changed a lot. [ with then, the laser Raman spectroscopy which used the laser light of linearly 
polarized light about PET resin of known / density ] When the Raman spectrum was measured and a 
density and the connection of said full width at half maximum were investigated, it turned out that there 
is a correlation which shows linearity as shown in drawing 2 between a density and the full width at half 
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maximum. 

[0012] It is well-known that the connection of a formula (1) between the density of resin and volume 
fraction crystallinity is generally on the other hand (the solid configuration II (KYORITSU SHUPPAN, 
1974) of a polymer, 305). 
[0013] 

Volume fraction crystallinity (%) =(rho-rhoa)/(rhoc-rhoa) xlOO ~ The actual measurement, rhoc, and 
rhoa of a density of (1), however rho are the density of a perfect crystal and completeness non-**, 
respectively. 

[0014] Since fixed correlation will be between said full width at half maximum and the crystallinity of 
resin from the above result, the half band width of drawing 2 from which the density was obtained using 
known PET resin can be used as an index of the crystallinity of a film. Namely, while a Raman shift 
specifies the full width at half maximum resulting from about [ 1730cm-] one C=0 stretching vibration 
in the suitable range using the connection obtained by drawing 2 In laminated steel, by controlling to 
satisfy the value which specified the layer configuration of the film [ / near the interface with the ground 
sheet steel ] above, the crystallinity of a film may be controlled and the exfoliation in a film may be able 
to be prevented. 

[0015] then, [******** / 0 f the laminated steel with which the laminated steel with which the 
exfoliation in a film took place, and exfoliation did not take place ] The vertical Raman shift 
investigated the full width at half maximum resulting from about [ 1730cm-] one C=0 stretching 
vibration by the retort iron pot to the film plane of the resin layer cross section of the sheet steel after 
heat treatment for 130 degree-Cx 30 minutes, laminated. The results of an investigation of the laminated 
steel with which the exfoliation in drawing 3 and a film did not take place the results of an investigation 
of the laminated steel with which the exfoliation in a film took place are shown in drawing 4. In drawing 
3 and drawing 4, the sheet steel of a lamination as and sign:- of sign:0 are the sheet steel after heat 
treatment. 

[0016] From drawing 3 and drawing 4, the full width at half maximum to which the Raman shift of the 
side a film / near the sheet-steel interface originated in about [ 1730cm-] one C=0 stretching vibration 
the layer configuration of a film One or more [ 25.0cm-] fields (henceforth A field), When it divided 
into the other field (henceforth B field), it turned out that crystallinity is increasing in A field according 
to the layer configuration of the film of the sheet steel after heat treatment having the large abatement in 
a half band width in A field, i.e., heat treatment. Moreover, the exfoliation in a film was generated in A 
field, and the sheet steel with which the exfoliation in a film took place was understood that the 
thickness of A field is thick compared with the sheet steel with which the exfoliation in a film did not 
take place. 

[0017] Therefore, growth in the crystallinity in A field causes exfoliation in a film, and it was thought 
that it depended for change of the crystallinity by heat treatment on the half band width and thickness of 
A field of as [ lamination ]. [ of the sheet steel ] From such a viewpoint, as a result of advancing 
analyses further, it resulted in this invention. 

[0018] In this invention, the Raman spectrum of a resin layer cross section is measured for the 
polarization direction of linearly polarized light on conditions vertical to a film plane because this 
condition is most suitable for assessment of the non-orientation crystal which influences the workability 
of a film itself [ at the time of heat treatment ]. That is, it is because the crystallinity of a non-orientation 
crystal can be evaluated when the crystallinity of an orientation crystal makes it vertical to a film plane 
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when a polarization direction is made parallel at a film plane. 

[0019] [ if the Reason which limited the full width at half maximum to which the Raman shift originated 
in about / 1730cm-/ one C=0 stretching vibration or more / 25.0cm-/ with one is smaller than 25. 0cm- 1, 
generation of the non-orientation crystal at the time of a friction test will be suppressed, and the 
exfoliation in a film will be suppressed, but ] It is because adhesion force sufficient by the resin layer / 
sheet-steel interface is not acquired. 

[0020] Moreover, in less than 1 .0 micrometers, the adhesion of a resin layer / sheet-steel interface is not 
obtained, but 6.0 micrometers of Reasons which limited the field to 1.0 micrometers or more and 6.0 
micrometers or less from the resin layer / sheet-steel interface are exceeded, and are for the exfoliation 
in a film to arise and for adhesion to deteriorate then. 

[0021] in addition, as resin containing polyethylene terephthalate in this invention Resin containing 
polyethylene terephthalate, such as polyethylene terephthalate / isophthalate copolymerization resin 
film, a film of only polyethylene terephthalate, and a film that carried out various change of the 
concentration of isophthalic acid, can be used widely. Moreover, the sheet steel in particular is not 
limited but can use widely sheet steel, such as cold rolled sheet steel, tinfree steel, a tin plated steel plate, 
and a galvanized steel sheet. 
[0022] 

[Working example] Thickness produced by the well-known method as a test specimen : [ the tinfree 
steel of 0.185mm, metallic Cr layer: 150mg/m2, and hydrated oxide layer: 15 mg/m2 (all are the coating 
weight of metal Cr conversion) ] The sheet steel which laminated polyethylene terephthalate / 
isophthalate copolymerization resin film (25 micrometers in thickness) using the lamination roll was 
used. 

[0023] When a film is laminated in the sheet steel, the temperature (Ts) of the sheet steel before 
laminating a film 230 degrees C - 240 degrees C, By changing the time (Tl) when the lamination roll 
touches the sheet steel within the limits of 5msec - 60msec The crystallization condition of a vertical 
film is controlled to a film plane, that is, it can set near a resin layer / the sheet-steel interface. A Raman 
shift the full width at half maximum resulting from about [ 1730cm-] one C=0 stretching vibration Ts, 
The thickness of the field was controlled by Tl and produced the laminated steel with which the full 
width at half maximum to which the vertical Raman shift originated in about [ 1730cm-] one C=0 
stretching vibration differs from its thickness to the film plane of the resin layer cross section [ / a resin 
layer / near the sheet-steel interface ]. 

[0024] [ carry out buffing of the cross section of the sheet steel of a lamination / which was produced 
above / as, and / with the laser Raman spectroscopy using the laser light of linearly polarized light ] The 
polarization direction measured the Raman spectrum of the resin layer on conditions vertical to a film 
plane, and the Raman shift investigated the full width at half maximum resulting from about [ 1730cm-] 
one C=0 stretching vibration. 

[0025] Commercial Jasco Corp. make NRS-2000 laser-Raman-spectroscopy equipment was used for 
measurement of a Raman spectrum. To incident light, it measured using Ar+ laser (wavelength of 
514.5nm) by condensing laser light to about 1 micrometer on a specimen surface with a lens (xlOO). 
Since the laser light which came out of the laser oscillator was linearly polarized light with high purity, 
the polarizer was not used in this measurement. 

[0026] Moreover, the retort peel test indicated to JP,H9-123342,A performed adhesion assessment of the 
laminated steel obtained above. This check is a check which measures the film exfoliation length in the 
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heat treatment environment of retort gennicidal treatment. It is positioned as a check which reproduces 
the film adhesion of the beverage can which retorts best, and not only the adhesion between the ground 
sheet steel and a film but both working adhesion film can be evaluated. 

[0027] The procedure of a retort peel test is as follows. Laminated steel was cut down to 30mm width 
x 100mm length, and after cutting only the portion of the sheet steel (the film is connected), it bent, and 
set to the jig, and lOOg load was applied. It set into the retort iron pot in this condition, and heat-treated 
on the conditions for 130 degree-Cx 30 minutes, and the exfoliation length of the film was measured, it 
is shown that adhesion is so good that exfoliation length is short -- as marks -- 4mm or less -- O and 
more than 4mm -8mm - O and more than 8mm -- ** and more than 12mm were made into x for - 
12mm. 

[0028] Results of an investigation are shown in Table 1. In addition, in Table 1 [ the thickness of A field 

of a resin layer / sheet-steel interface ] When one or more [ 25.0cm-] fields have a half band width in a 

resin layer / sheet-steel interface and the width of one or more [ 25.0cm-] fields and one or more 

[ 25.0cm-] fields do not have a half band width, the average of the half band width in a 3.0-micrometer- 

thick field is shown from an interface. 

[0029] 
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[0030] It turns out that the thickness of one or more [ 25.0cm-] fields excels [ half band width / / a resin 
layer / near the sheet-steel interface ] in adhesion altogether in the examples 1-7 of invention (1.0 
micrometers or more and 6.0 micrometers or less). The thing of 4.5 micrometers or less excels 
[ thickness / of said field ] in 2.5 micrometers or more more especially. 

[0031] On the other hand, said half band width is less than [ 25.0cm-] one, or it turns out that the 
thickness of one or more [ 25.0cm-] fields does not have adhesion with what [ less than 1.0 
micrometers / sufficient ] is larger than 6.0 micrometers. 

[0032] In addition, although polyethylene terephthalate / isophthalate copolymerization resin film was 
used in this example Any are sufficient as long as it is resin films containing polyethylene terephthalate, 
such as not the thing limited to this but a resin film of only polyethylene terephthalate, and a 
polyethylene terephthalate resin film which carried out various change of the concentration of 
isophthalic acid. Moreover, although tinfree steel was used as ground sheet steel, you may be which 
sheet steel, such as tinning, and galvanized sheet steel, sheet steel which is not plated. 
[0033] 
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[Effect of the Invention] According to this invention, the laminated steel excellent in working adhesion 
which can be equal to strong processing can be offered. The sheet steel of this invention fits the sheet 
steel used for the beverage can application which retorts. 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the Raman spectrum obtained from PET from which a density differs. 
[Drawing 2] Drawing showing the density of PET, and the connection of the full width at half maximum 
to which the Raman shift originated in about [ 1730cm-] one C=0 stretching vibration. 
[Drawing 3] Drawing showing the results of an investigation of the layer configuration of a laminate 
film where the exfoliation in a film took place. 

[Drawing 4] Drawing showing the results of an investigation of the layer configuration of a laminate 
film where the exfoliation in a film did not take place. 



[Drawing 1] 




[Drawing 2] 




ffi$L (g/cm 3 ) 
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[Drawing 31 




[Drawing 41 
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[Translation done.] 
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